Nitrogen usually determines the productive potential of forage crops, although it is highly unstable in the environment. Studies on recovery rates and use efficiency are important for more reliable fertilizer recommendations to reduce costs and avoid environmental pollution. The purpose of this study was to evaluate N use efficiency and recovery rate of Alexandergrass pasture (Brachiaria -Syn. Urochloa plantaginea) as well as N-NO 3 -and N-NH 4 + soil concentrations using different levels of N fertilization under two grazing intensities. The experiment was arranged in a randomized block design in a factorial scheme with three replications. Treatments consisted of three N rates (0, 200 and 400 kg ha -1 N) and two grazing intensities termed low mass (LM; forage mass of 2,000 kg ha -1 of DM) and high mass (HM; forage mass of 3,600 kg ha -1 of DM) under continuous stocking and variable stocking rates. Results of N fertilization with 200 kg ha -1 were better than with 400 kg ha -1 N. There was a significant effect of N rates on soil N-NO 3 -concentration with higher levels in the first layer of the soil profile in the treatment with 400 kg ha -1 N. Grazing intensity also affected soil N-NO 3 -concentration, by increasing the levels under the higher stocking rate (lower forage mass).
INTRODUCTION
Studies on N dynamics in the soil-plant system and in specific species characterize the efficiency of the recommended N fertilization in agriculture and animal husbandry, and can contribute to cost reductions and reduced environmental risks (Restle et al., 1999) . Although the absence of pasture fertilization in Brazil is frequently a problem, high levels of N fertilization (exceeding plant uptake) may result in leaching, causing environmental contamination (Di & Cameron, 2002) and lower profits.
Soil N, usually present in its solid phase in organic and inorganic form, may or not be readily available to plants (Urquiaga & Zapata, 2000) . The main organic N source of the soil is organic matter originated from plant residues; despite containing the largest portion of N, this N is not readily available but requires a mineralization process which is very dependent on the plant residue C:N ratio and soil N availability (Santi et al., 2003) . The total soil N amount in the organic and inorganic form varies from 0.5 to 5 g kg -1 . Of this amount, only 5 % N is present in the inorganic form, that is, readily available for plant uptake (Sá, 1999) . The soil N content, its forms and plant availability depend basically on the crop species, climate and soil conditions.
Nitrogen in the N-NO 3 -form is readily available to plants and also easily lost by leaching, since its electrostatic adsorption is lower than of other anions present in the solid liquid interface of the topsoil. Therefore, N-NO 3 -is not adsorbed to the soil, and remains in the soil solution from where it is easily lost by leaching to deeper soil layers out of reach of plant roots (Ceretta & Fries, 1997) .
The study of N use efficiency and recovery is therefore important for any cropping system once it affects the system sustainability. Nitrogen is indispensable for grass production and the response to N in plant and animal productivity is well-documented (Martins et al., 2000; Restle et al., 2002) . Different grazing intensities affect the level of N return in urine and feces and can lead to N losses, e.g., by volatilization.
Nitrogen recovery in pastures varies from 50 to 65 % of the total N applied through N fertilizer (Schepers & Mosier, 1991) . The N dynamics at a site under grazing, with N application (urine) between 200 and 250 kg ha -1 year -1 showed that one third of total applied N was retained by organic matter (25 %) and by the plant root system (2-5 %). Of the remaining N, a part is lost by ammonia volatilization after application (20 %), ammonia volatilization from the spots of excreta deposition (20-30 %), denitrification (6-12 %) and by leaching or other types of losses, such as excretion outside the pasture (20-50 %). Another fraction goes into animal production, be it meat (7-9 %) or milk (14-18 %) (Kimura & Kurashima, 1991; Whitehead, 2000) .
The purpose of this experiment was to evaluate N use efficiency and recovery rate of Alexandergrass pasture (Brachiaria -Syn. urochloa plantaginea) and determine N-NO 3 -and N-NH 4 + soil concentration in the soil profile under different levels of N fertilization and two grazing intensities. (Maak, 1968) . The soil of the experimental site was classified as Oxisol (Embrapa, 2006) . Monthly averages of temperature and rain are listed in figure 1 (Iapar, 2008) .
MATERIALS AND METHODS

This
The management system in the experimental area had been no-tillage as of 1998, with alternating soybean and corn crops in the summer and small grains in the winter, without grazing. The experimental area corresponded to 1.39 ha, with 12 subdivisions, which constituted the experimental units and another area (0.2 ha) nearby for the grazing animals.
Prior to the experiment, the area was mowed to reduce the vegetation cover on the soil and provide best germination of Brachiaria plantaginea, which is photoblastic positive and thus needs light to germinate.
Soil chemical fertilization was performed according to recommendations of the soil fertilization manual, CQFSRS/SC (2004) and according to the values found in the soil analyses (0-15 cm layer): pH-CaCl 2 = 6.3; P = 10 mg dm -³; K = 293 mg dm -³; 5.7 g kg -1 of OM; Ca = 8.7 cmol c dm -3 ; Base saturation = 78 % and CEC = 17.49 cmol c dm -3 . As recommended for summer grasses, 60 kg ha -1 P 2 O 5 were applied.
The experiment was arranged in a randomized block design in a 3 × 2 factorial scheme consisting of three N rates (0, 200 and 400 kg ha -1 N) and two grazing intensities (2,000 and 3,600 kg ha -1 of DM, corresponding, respectively, to the low and high mass treatment with a continuous grazing method with varying stocking rates). To assess the N-NO 3 -and N-NH 4 + levels the layers of 0-5, 5-10, 10-20, 20-30 and 30-40 cm were considered as subplots.
N fertilizations were split into four applications of 50 and 100 kg ha -1 N, corresponding to the tested levels (200 and 400 kg ha -1 N), and applied manually on the following dates: December 07 th , January 11 th , January 28 th and February 24 th (2007/2008) , always observing the weather conditions and moisture level to make the best use of N by the system. The N source used was urea at a concentration of 45 % N.
Grazing intensities were adjusted by the put and take method described by Mott & Lucas (1952) . The grazing animal were goats, half-blood Boer, average age 5 months, body weight (BW) 21 kg. Three animals were kept on each paddock and a variable number of extra animals were used to adjust the forage mass according to the treatments.
Forage accumulation (kg ha -1 day -1 of DM) was evaluated on average every 21 days, by using two grazing exclusion cages for each experimental unit, by the technique described by Moraes et al. (1990) . Forage production of each period was obtained by the multiplication of the dry matter accumulation rate by the number of days of the period. Total production was obtained by the initial forage mass plus the forage production of each period and was expressed in kg of dry mass per hectare (kg ha -1 DM). Sub-samples were taken from the forage mass sample, dried in a forcedair oven at 60 o C and subsequently milled in a Wiley mill with a 1 mm sieve and the N concentration determined by the Kjeldahl method described by Tedesco et al. (1995) .
From the pasture DM production and its N content the N use efficiency and recovery rates were evaluated. Efficiency of N fertilization on forage yield (kg DM per kg N applied) was calculated assuming that the contribution of soil N was similar among treatments with or without N, subtracting from the forage yield of the treatments treated with N the control (without N). The result of the subtraction was divided by the amount of N applied in topdressing.
Forage N content multiplied by forage yield enabled the determination of N absorbed by the pasture. Each period was evaluated this way and the addition of the periods resulted in the total N absorbed. were determined by the method described by Tedesco et al. (1995) . Mineral N is the sum of N as ammonium and nitrate form.
The results were subjected to analysis of variance (ANOVA). The variances were tested by the F test. When the results were significant at 5 %, the means were compared by the Tukey test at 5 %.
RESULTS AND DISCUSSION
Nitrogen efficiency of use in the treatment with 200 kg ha -1 N (30.87 kg of DM per kg N) was three times higher than the treatment with 400 kg ha -1 N, which showed an efficiency of 10.4 kg DM per kg N applied. According to Mello (1987) , N efficiency of use depends on factors such as climate and soil conditions, N source, amount applied, fractionation and response capacity of the plant.
Evaluating Brachiaria plantaginea, Martins et al. (2000) reported an N efficiency of use of 20.48 kg DM per kg applied N at an N rate of 200 kg ha -1 N. Restle et al. (2002) reported N efficiency of use for the same species of 9.62 and 20.48 kg DM per kg applied N at rates of 100 and 200 kg ha -1 N, respectively. Lupatini et al. (1995) reported N efficiency of use of 39.3 and 31.0 kg DM per kg applied N, respectively, at N rates of 150 and 300 kg ha -1 .
Therefore, although there were no significant differences in forage production between N rates of 200 and 400 kg ha -1 , forage production at 200 kg ha -1 N was 10 % higher than the treatment with 400 kg ha -1 and N efficiency of use was 66 % higher, possibly explained by plant physiological limitations or imbalance in nutrient availability (Mello, 1987) .
Total N recovered and N recovery rate (Table 1) in the treatment with 400 kg ha -1 N were 26 and 63 % lower in relation to the treatment with 200 kg ha -1 N, indicating that the plant has a limited capacity of N use in a given period of time (Lupatini et al. 1995; Follet & Wilkinson, 1985) , which may increase N losses (Mello, 1987) .
The N recovery rate may exceed 100 % (Dougherty & Rhykerd, 1985) , as observed in this experiment. In the treatment with 200 kg ha -1 N, N recovery rate was 110 %. In other words, N plant uptake exceeded the applied N. This fact may be explained by the positive effect of N on organic matter mineralization or by the N present on the soil. Another explanation suggested an increase of nutrient cycling due to the grazing effect (Vicente-Chandler, 1973; Follet & Wilkinson, 1985) . For pearl millet (Pennisetum americanum), Lupatini (1996) reported an N recovery rate of 163, 102, 95, 77 % to rates of 150, 300, 450 and 600 kg ha -1 N, respectively.
There were no significant differences between the treatments in relation to the soil N-NO 3 -levels 10 days after the first N application, corresponding to ¼ of the total applied (Figure 2a ). This indicates that the plant used the N applied and responded in yield once forage production in the first period was 2,249; 2,767 and 3,430 kg ha -1 for the treatment without N, with 200 and 400 kg ha -1 N, respectively. This soil N dynamics changed during the experiment. In the evaluation 10 days after the second N application, N-NO 3 -soil contents were higher in the surface layer (Figure 2b,c,d) , especially in the treatments with 200 and 400 kg ha -1 N. Soil traits such as high content of organic matter (5.7 %) and clayey texture (Embrapa, 2006) , allows greater attraction of ions (Ernani & Barber, 1993 ) and contribute to larger amounts of N-NO 3 -in the soil surface layers. Moreover, the no-tillage system may have contributed to this fact, once according to Assmann (2001) , in no-tillage systems nutrients accumulation in the soil surface layers is expected, decreasing the probability of N leaching.
There were no differences in N-NO 3 -soil content at depths below 10 cm between the treatment with 200 kg ha -1 N and without N (Figure 2 ) indicating no N-NO 3 -leaching problems due to N uptake by the forage plant for production. Furthermore, most of the roots (80 %) are in the surface soil layer of 0 to 40 cm (Primavesi et al., 2001) , enabling plant N-NO 3 -absorption.
Evaluating N-NO 3 -leaching down to a depth of 160 cm, Primavesi et al. (2006) also observed greater variations in the first 40 cm of the soil profile. The authors reported that in soil of medium texture under tropical grass such as coastcross (Cynodon dactylon), there is no risk of groundwater contamination even at high rates of N (500 and 1,000 kg ha -1 yr -1 ), however, it is important not to exceed the N uptake capacity of the grass and consider the N supply capacity of the soil. Rainfall intensity was not sufficient to cause N-NO 3 -leaching, because, according to Drouineau (1969) , this form of N loss in the soil profile is influenced by the downward flow of water in the soil.
There was N-NO 3 -accumulation in the first 40 cm of the soil profile in the treatment with 400 kg ha -1 . This was related to the lower forage yield in this treatment compared to the treatment with 200 kg ha -1 N (Table 1) .
Phosphorous (P) nutritional limitations, indicated by the lower (1.2 g kg -1 DM) content of P in plant tissue (Guss et al., 1990 ) may be responsible for the lack of yield response in the treatment with 400 kg ha -1 N. Therefore, application of high N amounts should be accompanied by the use of P and K fertilization for a plant response in yield, aside from preventing soil N leaching.
Soil N-NO 3 -accumulation, especially in Oxisols that have a thick B horizon with higher Anion Exchange Capacity (AEC) and therefore a lower of groundwater contamination risk, can provide benefits subsequent crops and soil quality being recommended in areas with integrated crop-livestock system.
In terms of animal influence on N dynamics, greater N-NO 3 -concentration was observed in the soil surface layer (0-5 cm) at both grazing intensities after the second evaluation. However, at higher forage mass (3,600 kg ha -1 DM), i.e., lower stocking rate, soil N-NO 3 -levels were lower than the treatment with low forage mass (2,000 kg ha -1 DM) i.e., higher stocking rate.
In the high forage mass treatments, the N immobilization rate in the organic matter mineralization process may have been higher, due the higher herbage mass and greater N demand for the process. On the other hand, in the treatment with low mass (higher stocking rate), N-NO 3 -is subject to greater losses, since it is present in larger amounts in the soil solution and is not being absorbed by the plant. Furthermore, when the forage mass is lower, stocking rate is higher, consequently increasing the dung deposition (animal urine and feces), returning greater amounts of N to the soil than at lower stocking rate or larger forage mass.
Soil N-NO 3 -levels, even at higher N rates, showed no toxic effects to plants, since plants tolerate excess of N-NO 3 -by accumulating high levels in its tissues, unlike N-NH 4 + which can cause problems for plant growth at high concentrations (Tisdale et al., 1993) .
With regard to the soil N-NH 4 + levels, no significant influence of the interactions of the factors on the B. plantaginea pasture were observed and there was no influence of grazing intensity and sampling depth on this dependent variable with an average soil content of 6.5 mg dm -3 N-NH 4 + . However, there was a significant influence (p < 0.0366) of N rates. The soil N-NH 4 + content was 5.8, 6.4 and 7.3 mg dm -3 at 0, 200 and 400 kg ha -1 N respectively; the treatment with 400 kg ha -1 N differed significantly (p > 0.05) from the treatment without N.
Adequate chemical, physical and biological soil traits associated with good levels of organic matter in the experimental area provided rapid nitrification, since N as ammonium does not remain in large quantities (Malavolta, 1981; Raij, 1991) , indicating low rates of soil N-NH 4 + and little variation between levels and no variation between soil layers and assessed periods. Furthermore, in aerated soil, -is the main form of inorganic N available for plant growth. On the other hand, ammonia is the prevailing form in soils with high acidity and moisture, which was not the case of the soil in this study (Raij, 1991) .
Most N applied may have been used in the mineralization of organic matter, especially in the case of grasses, which according to Alexander (1980) have a high capacity of N immobilization. Assmann (2001) considered the increased availability of N mineral a positive factor since the nutrient is in a readily available form for plants, but also reports that this availability may expose the nutrient to more intense leaching processes, which can be aggravated when deposited on the soil as animal urine. 2. There was soil N-NO 3 -accumulation at the depth of 40 cm at 400 kg ha -1 N, although the total N applied was split in four applications. 4. There is a trend of greater N-NO 3 -accumulation in soils under higher grazing intensities, which may be the major input of readily available N for the following crop on the one hand, or allow N losses and environmental contamination on the other. 
